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Use of Wigner/GTMD at the EIC



Wigner distribution in QM (1932)

Eugene Wigner (1902-1995)

Phase space distribution in quantum mechanics

Reduces to p (q) distribution upon q (p) integration

Not positive definite, 
no probabilistic interpretation

Wigner distribution of
the 4th excited state 
of 1D harmonic oscillator



Husimidistribution (1940)

KodiHusimi(1909˵ 2008x

Gaussian smearing of the Wigner distribution
within the region of minimum uncertainty

Does not reduce to q (p) distribution 
upon p (q) integration

Positive definite, 
probabilistic interpretation Husimidistribution of 

the 4th excited state 
of 1D harmonic 
oscillator



Wigner in QCDτǘƘŜ άƳƻǘƘŜǊ ŘƛǎǘǊƛōǳǘƛƻƴέ

PDF
Form factor

charge

Belitsky, Ji, Yuan (2003)

TMD GPD

In practice, GTMD
(Fourier transform of Wigner) is 
more useful for phenomenology.



Wigner in 2012 EIC white paper?

Although there is no known way to measure 
Wigner distributionsfor quarks and gluons, 
they provide a unifying theoretical framework 
for the different aspects of hadron structure.

Almost no account.
Only briefly mentioned in two places. 

A lot of progress since then

Wigner        TMD+GPD



Wigner distribution and orbital angular momentum 

vǳŀǊƪǎΩ ƘŜƭƛŎƛǘȅ
DƭǳƻƴǎΩ ƘŜƭƛŎƛǘȅ

CanonicalOrbital 
angular momentum 
(OAM)

Jaffe-Manohardecomposition

Lorce, Pasquini, (2011); 
YH (2011)
Ji, Xiong, Yuan (2012)

hƴŜ Ŏŀƴ ŀƭǎƻ ŘŜŦƛƴŜ ǘƘŜ ȫt5CΩ ƻŦ h!a



Wilson line and OAMs

Jaffe-Manohar OAM from staple Wilson line       YH (2011)

WƛΩǎ h!a ŦǊƻƳ ǎǘǊŀƛƎƘǘ ²ƛƭǎƻƴ ƭƛƴŜ       Ji, Xiong, Yuan (2012)

First lattice calculation Engelhardt (2017)

Ji

Jaffe-Manohar



ȫ9ƴǘǊƻǇȅΩ ƻŦ partons
Hagiwara,YH,Xiao,Yuan(2018)

aŜŀǎǳǊŜ ƻŦ ȫŎƻƳǇƭŜȄƛǘȅΩ ƻŦ ǘƘŜ multiparton system.
Saturation of entropy due to the Pomeron loop effect?
/ƻƴƴŜŎǘƛƻƴ ǘƻ ǘƘŜ ȫƧŜǘ ŜƴǘǊƻǇȅΩ ƛƴ ǘƘŜ Ŧƛƴŀƭ ǎǘŀǘŜΚ

Phase space distribution naturally defines an entropy.
Use the QCD Husimidistribution

cf. Kutak(2011)
Kovner-Lublinsky(2015)

Neill, Waalewijn(2018)



Gluon Wigner/GTMD at small-x

At small-x, approximate

``Dipole S-ƳŀǘǊƛȄέ

correlation expected

ȫ9ƭƭƛǇǘƛŎ ²ƛƎƴŜǊΩ ŘƛǎǘǊƛōǳǘƛƻƴ

YH, Xiao, Yuan (2016)



Peak at the saturation momentum 

Gluon Wigner from Balitsky-Kovchegovequation 
Hagiwara, YH, Ueda (2016)

Elliptic part small in magnitude (a few percent effect). No geometric scaling.



Distributions with more variables Ąmore exclusive processes

Must be diffractive (proton remains intact) Ą -dependence.

In addition to the recoiling proton, measure two particles (jets) Ą -dependence

Can we probe Wigner/GTMD in experiments?

YH, Xiao, Yuan (2016)        Bhattacharya, Metz, Ojha, Tsai, Zhou (2018)

Diffractive dijet in DIS                          Double quarkonium production in pp  



Probing Wigner (GTMD) in diffractive dijet production

Jet 1

Jet 2

GTMD 

YH, Xiao, Yuan (2016), see also, Altinoluk, Armesto, Beuf, Rezaeian(2015)

Ὡ

If               , one can analytically invert this formula 
Hagiwara, YH, Pasechnik, 
Tasevsky, Teryaev(2017)



Diffractive dijet at work
Mantysaari, Mueller, Schenke(2019)
Salazar, Schenke(2019) 
Ą talk by Farid later today

surprise!

First realistic calculation from b-dependent JIMWLK



Factorization at NLO
Boussarie, Grabovsky, Szymanowski, Wallon(2016) 



To leading order, dijet total transverse momentum
is equal to the proton recoil momentum                   

Dijet cross section with soft gluon resummation



To leading order, dijet total transverse momentum
is equal to the proton recoil momentum                   

With soft radiation, this becomes 

Interesting signals can be smeared. ResumSudakovand nongloballogs. 

Dijet cross section with soft gluon resummation

soft factor


